Purpose: Although Fabry disease is X linked and considered to affect primarily male hemizygotes, female heterozygotes may experience all the signs and symptoms of this metabolic disorder. This prospective, singlecenter, open-label, clinical trial was performed to evaluate the long-term response of female patients with Fabry disease to enzyme replacement therapy. Methods: Symptomatic women (average age ϭ 47 years) enrolled in this 4-year study were treated with agalsidase alfa (Replagal, Shire HGT, Inc.) at a dose of 0.2 mg/kg, every other week for 4 years (N ϭ 36). Clinical and biochemical assessments were conducted at 12-month intervals. Results: The Mainz Severity Score Index, a measure of total disease burden, was significantly reduced after 12 months (P Ͻ 0.01) of treatment and continuously improved over 4 years. Brief Pain Inventory "pain at its worst" score was reduced from 4.6 Ϯ 2.9 at baseline to 3.3 Ϯ 2.9 after 12 months (P ϭ 0.001) and remained reduced through 4 years. Mean leftventricular mass decreased from 89.4 Ϯ 29.3 g/m 2.7 at baseline to 66.5 Ϯ 29.3 g/m 2.7 after 12 months (P Ͻ 0.001) and remained reduced through 4 years. Average kidney function (estimated glomerular filtration rate and proteinuria) remained constant during the study. No safety issues were identified. Conclusions: Long-term agalsidase alfa is effective and was well tolerated in women with Fabry disease. Genet Med 2009:11(6): 441-449.
F
abry disease is an X-linked error of glycosphingolipid metabolism caused by a deficiency in the activity of the lysosomal enzyme, ␣-galactosidase A (GALA). 1 In affected individuals, the enzyme substrate, globotriaosylceramide (Gb3), accumulates in cells and organs, where it participates by a yet unknown mechanism in the pathologies that are characteristic of Fabry disease. 1 Disease manifestations include acroparasthesias and neuropathic pain crises [2] [3] [4] ; angiokeratomas; cardiac involvement, including left-ventricular hypertrophy (LVH), valvular changes, ischemia, and myocardial infarction 5 ; cerebrovascular abnormalities resulting in stroke 6, 7 ; autonomic nervous system dysfunction causing decreased sweat function 8 and reduced heart-rate variability 9, 10 ; and kidney dysfunction progressing to end-stage renal disease (ESRD). 11 Fabry disease occurs in people of all ethnicities with an estimated incidence of about 1 in 117,000 male births, 12 although newborn screening studies have suggested a much higher incidence. 13 Heterozygotes with Fabry disease are commonly designated as "carriers" that by definition indicates the presence of a mutated allele. In X-linked conditions, the term "carrier" does not define the phenotype (i.e., the clinical expression of disease), which is often a source of misunderstanding in counseling or communications. Like in some X-linked conditions, 14 heterozygous women may be symptomatic 15, 16 but with an onset and rate of progression that is more variable than that observed in men. [15] [16] [17] [18] [19] [20] [21] [22] The onset of signs and symptoms of Fabry disease occurs during childhood and adolescence in girls, just as it does in boys. 4, 23, 24 However, the onset of major organ involvement (kidney, heart, brain) occurs about 6 -10 years later in women than in men. 15, 19, [25] [26] [27] [28] [29] [30] The burden of disease in women can be substantial. For example, the Mainz Severity Score Index (MSSI) shows that men and women experience a similar impact from Fabry disease, 31 and health-related quality of life is similarly reduced in women and men with Fabry disease. 15, 18, [32] [33] [34] Without treatment, lifespan is typically reduced by 15 years in women with Fabry disease. 19 Agalsidase alfa (Replagal, Shire Human Genetic Therapies, Inc., Cambridge, MA), a human form of GALA manufactured in a human cell line by gene activation, 35 has been tested in men, women, and children. In men treated with agalsidase alfa, the severity of neuropathic pain was reduced, 36 kidney function was stabilized in patients with Stage 1 or Stage 2 chronic kidney disease (CKD) at baseline, 37 and left-ventricular mass (LVM) was reduced in patients with LVH at baseline. 38 In children with neuropathic pain, 6 months of agalsidase alfa treatment resulted in a significant reduction or cessation of the use of neuropathic pain medications, and in boys, 6 months of agalsidase alfa treatment significantly improved abnormal heart-rate variability. 9 A single open-label study of agalsidase alfa in 15 women has been reported, and it showed a significant reduction in LVM and statistically significant improvement in quality of life. 39 Here, we present the results of a 4-year study of agalsidase alfa in a cohort of 36 women with Fabry disease.
MATERIALS AND METHODS

Study design
Women aged 18 years and older with a confirmed diagnosis of Fabry disease were eligible for enrollment in this prospective, single-center, open-label study provided that they were experiencing manifestations of Fabry disease and had not been previously treated with enzyme replacement. Mutation analysis was performed to confirm the diagnosis of Fabry disease. The protocol was approved by the ethics committee of the Mainz University Hospital, and all patients signed informed, written consent before enrollment.
During the period from January 2001 to July 2004, a total of 86 female patients with a confirmed diagnosis of Fabry disease were examined at the Mainz center. Of these patients, 15 were ineligible for inclusion because they were younger than 18 years, and 31 were not offered enzyme replacement therapy (ERT) because they were not experiencing any debilitating symptoms (e.g., neuropathic pain, gastrointestinal involvement, stroke) or classic signs of major organ involvement (e.g., proteinuria, decreased glomerular filtration rate, LVH). Thus, the study population consisted of 40 women with signs and symptoms of Fabry disease who were treated with agalsidase alfa. Fifteen of these 40 patients had participated in the previously reported Shire HGT-sponsored clinical trial of agalsidase alfa in women 39 for 13-41 weeks, and their extension results are presented here.
Treatment
All patients were treated with agalsidase alfa at a dose of 0.2 mg/kg infused intravenously every other week. The infusion took place over 40 minutes and was given without premedication. After completion of the clinical study noted above, 39 all patients were treated with commercially obtained drug.
Measurements
Patients were assessed at baseline and at 12-month intervals. The following measurements were performed: estimated glomerular filtration rate (eGFR) and proteinuria; plasma Gb3 and urine Gb3; LVM and New York Heart Association (NYHA) functional score, Brief Pain Inventory (BPI), 40 and MSSI. 31 When using the MSSI, a value is assigned to prevalent signs and symptoms in four areas of involvement (neurologic, renal, cardiovascular, general). 31 A higher total score indicates a larger total burden of the disease. Thus, an improvement during treatment with agalsidase alfa would be seen as a decrease in MSSI. eGFR was calculated using the abbreviated Modification of Diet in Renal Disease equation, 41 and proteinuria was based on a 24-hour urine collection. The change in eGFR during treatment was analyzed in subgroups according to the classification of CKD. 42 A responder analysis for kidney function was performed comparing the final assessment to the baseline assessment using two different definitions of a responder: (1) Ͻ20% decrease in GFR and (2) no shift to a more severe state of CKD. 43 LVM was assessed by standard echocardiographic techniques and was performed by a single, experienced, boardcertified cardiologist. LVM was calculated according to the equations of Devereux 44 and was indexed to height to the 2.7 power (LVMi in g/m 2.7 ). LVH was defined as having an LVM Ͼ48 g/m 2.7 . 45 During the conduct of this study, plasma and urine Gb3 levels were determined at two different clinical laboratories using methods similar to those previously described in detail. 35 Because the laboratories reported different limits of normal values and used different units of measurement (the reference values in the non-Fabry population at these laboratories were: plasma Gb3 Ͻ3.3 mol/L and Ͻ4 g/mL; urine Gb3 Ͻ0.6 molar ratio of Gb3 to sphingomyelin and Ͻ0.03 mg/mmol Gb3/creatinine), the values were converted to a 3-point scale as follows: (1) in the normal range; (2) Ͼnormal, but Յ2 times the upper limit of normal (ULN); and (3) Ͼ2 times the ULN.
Activity of GALA in peripheral leukocytes and concentrations of Gb3 in urine and plasma were determined by methods previously described. 35 
Safety
Safety was assessed continuously during the study by monitoring adverse events. In addition, the presence of antiagalsidase alfa antibodies was determined using a validated enzymelinked immunosorbent assay. 36 
Statistics
Methods of descriptive statistics were used. Linear regression was used to evaluate the relationship between age (or age squared in the case of LVM 26 ) and baseline measures of eGFR, LVM, and MSSI. Repeated measures ANOVA were used to evaluate the effect of agalsidase alfa on eGFR, LVM, MSSI, NYHA heart failure classification, and log-transformed proteinuria. Proteinuria data from three patients who were being treated with corticosteroids for nephropathies were excluded from the analysis. Linear contrasts were used to compare mean values at each time point to baseline values. All calculations were done using JMP version 3.2.2 (SAS Institute, Cary, NC). A P value Ͻ0.05 was considered to be statistically significant.
Treatment was interrupted for four women during this study (after 0.7, 0.8, 1.8, and 2.2 years) due to termination of medical insurance. Data from these patients were included in the baseline cross-sectional analyses but, because of their short period of treatment, were not included in the longitudinal analyses. For the remaining patients, last observation carried forward was used as an estimate of missing values.
RESULTS
Demographics and cross-sectional assessment of disease manifestation in women
A total of 40 women with Fabry disease enrolled in this study. With the exception of one 14-year-old adolescent, all were at least 18 years old. Their average age was 47.0 Ϯ 17.9 (mean Ϯ SD) with a range from 14 to 76 years. The mutations and leukocyte GALA activities are presented in Table 1 . Ten women had GALA activities below the lower limit of normal (normal range: 0.23-1.14 mU/mg 39 ). All women were symptomatic at baseline with an average MSSI of 26.2 Ϯ 12.3 (mean Ϯ SD). Thirty-six (90%) of the patients completed 4 years of treatment without interruption. The remaining four women completed 0.7, 0.8, 1.8, and 2.2 years before an interruption in treatment. The duration of the treatment interruption in these four women was 2.5, 2.5, permanent, and 1.2 years, respectively. Figure 1 presents a cross-sectional analysis of the association between age (or age squared in the case of LVMi) at baseline and MSSI, eGFR, LVMi, and BPI "pain at its worst" score. At baseline, individual MSSI scores were significantly correlated with age ( Fig. 1) , indicating an increasing total burden of Fabry disease with increasing age. The average eGFR at baseline was 91.0 Ϯ 29.7, and eGFR significantly declined with age at a rate of about 1.16 mL/minute/1.73 m 2 per year. In contrast, neither proteinuria nor log-transformed proteinuria was found to change with age (slope of the proteinuria versus age line was Ϫ7.9 mg/day per year, P ϭ 0.55), and the slope of the logtransformed proteinuria versus age line was Ϫ0.00037 (log mg)/day per year; P ϭ 0.94 (data not shown). The severity of neuropathic pain, as measured by the BPI "pain at its worst" score, was not related to baseline age.
Mainz Severity Score Index
As shown in Figure 2 , MSSI was significantly decreased after the first year of treatment and remained significantly reduced through 4 years. Changes in the neurologic and cardiovascular subscores were responsible for most of the change in MSSI during treatment with agalsidase alfa (Fig. 3) . Of the six patients in the "severe" range at baseline (MSSI Ն40 31 ), four exhibited decreases into the "moderate" range (MSSI Ն20 and Ͻ40). Similarly, 8 of 18 patients in the moderate range at baseline had MSSI scores in the "mild" range (MSSI Ͻ20) after 4 years of treatment. A single patient, who was in the mild range at baseline, demonstrated a shift into the next higher range after 4 years of treatment.
Kidney function
In the 36 patients who completed 4 years of treatment, the overall mean eGFR was 91.0 Ϯ 31.2 mL/minute/1.73 m 2 at baseline and 91.0 Ϯ 25.6 mL/minute/1.73 m 2 after 4 years of agalsidase alfa ( Table 2 ). The four patients with eGFR Ͼ135 mL/minute/1.73 m 2 at baseline (defined as hyperfiltration 46 ) experienced a reduction of eGFR during the study, with average eGFR declining from 159.0 Ϯ 17.9 mL/minute/1. ) demonstrated a significant increase in eGFR after 1 year of treatment, and eGFR remained improved through 4 years ( Table  2) . One patient in this subgroup had declined to CKD Stage 3 after 3 years of treatment, and another patient had become a hyperfiltrator after 4 years. Responder analysis for the women who completed 4 years of ERT and who were not hyperfiltrating at baseline (n ϭ 32) is shown in Table 3 . By these criteria, Ͼ90% of the women demonstrated stability or improvement in kidney function while being treated with agalsidase alfa. Of importance was the observation that only 1 of 20 patients with Stage 2 CKD and none of the three patients with Stage 3 CKD demonstrated loss of GFR in excess 5 mL/minute/1.73 m 2 per year while treated with agalsidase alfa during this study.
Seven women were treated with angiotensin-converting enzyme (ACE) inhibitors or angiotensin-receptor blockers (ARBs) during the entire study, and six additional women began therapy with these agents after starting treatment with agalsidase alfa. The seven women who were on ACE inhibitor or ARB therapy during the entire study experienced a change in eGFR from 74.5 Ϯ 10.4 to 65.0 Ϯ 13.5 mL/minute/1.73 m 2 and a change in proteinuria from 1349 Ϯ 1760 to 425 Ϯ 531 mg/24 hours over the 4-year observation period. The six women who initiated ACE inhibitor or ARB therapy during the study demonstrated stable eGFR thereafter (87.7 Ϯ 29.6 mL/minute/1.73 m 2 at the last measurement before starting antiangiotensin therapy and 83.0 Ϯ 33.4 mL/minute/1.73 m 2 at study end).
Proteinuria
Three women were treated with corticosteroids for immunoglobulin A or other nephropathy during the study, and their data were not included in the longitudinal analysis. In the remaining 33 patients, mean urinary protein excretion was 377 Ϯ 546 mg/24 hours at baseline (median ϭ 180 mg/24 hours) and fell to 263 Ϯ 167 mg/24 hours after 4 years (P ϭ NS). In the subgroup of 11 patients with proteinuria in excess of 300 mg/day, mean protein excretion declined significantly during treatment, from a baseline value of 858 Ϯ 751 mg/24 hours to 339 Ϯ 230 mg/24 hours after 4 years of treatment (P Ͻ 0.01, Fig. 4 ).
Cardiomyopathy
LVH (defined as LVM Ն48 g/m 2.7 ) was common and found at baseline in 25 of the 36 patients (69%) who went on to complete 4 years of treatment. In this subgroup, mean LVM at baseline was 89. 4 Table 4 , each of these tertiles demonstrated a significant reduction in LVM after 12 months of agalsidase alfa. Thirteen of these 25 patients (52%) demonstrated decreases of LVM in excess of 20%, seven other patients (28%) demonstrated decreases in LVM of between 10 and 20%, and two patients experienced decreases of 7.2 and 3.5%. Three patients (12%) with baseline LVH exhibited small increases in LVM during the study ranging from 0.5 to 2.6%. At study completion, 7 of these 25 patients had LVM that was classified as normal. Only 1 of 11 patients (9%) who was classified as having normal LVM (47.7 g/m 2.7 ) at baseline was reclassified as having LVH after 4 years of treatment (50.3 g/m 2.7 ). More than one third (13 of 36, 36%) of the patients who completed 4 years of treatment were classified with NYHA Class III heart failure (defined as "marked limitation of physical activity; comfortable at rest, but less than ordinary activity causes fatigue, palpitation, or dyspnea" 47 ) at baseline. As shown in Table 5 , the average NYHA score in this subgroup significantly improved after 12 months of agalsidase alfa treatment and remained improved throughout the study. After 4 years of agalsidase alfa treatment, no patients progressed to a more severe stage of heart failure. Of the 13 patients who were in NYHA Class III heart failure at baseline, nine had improved to Class II and three had improved to Class I after 4 years of treatment. All four patients in NYHA Class II heart failure had improved to Class I after 4 years.
Pain
In the 36 patients who completed 4 years of agalsidase alfa treatment, the BPI "pain at its worst" score at baseline was 4.6 Ϯ 2.9 and declined to 3.3 Ϯ 2.9 after 12 months (P ϭ 0.001). No further improvement was observed. At baseline, 22 (61%) of these patients had a BPI "pain at its worst" score Ն5, which is considered to be a threshold for interference with activities of daily living (e.g., physical activity, mood, social activity, relations with others, sleep 48 ). After 48 months, 10 (45%) of these patients had scores below this threshold. Of the 14 (39%) patients with baseline BPI "pain at its worst" scores Ͻ5, only two (14%) were above this threshold after 4 years of agalsidase alfa treatment. Similarly, 18 of 30 (60%) of patients with a BPI "pain at its worst" score Ն1 at baseline improved by at least 1 point after 4 years of treatment.
Biochemical measurements
Plasma Gb3
At baseline, 26 of 36 (72%) women who completed 4 years of treatment had plasma Gb3 levels that were above the ULN, with three (8%) patients having levels Ͼ2 times the ULN. Their average plasma Gb3 score was 1.81 Ϯ 0.58. After 2 years of agalsidase alfa treatment, the average score had decreased to 1.53 Ϯ 0.51 (P ϭ 0.005). By 4 years, the average score had dropped to 1.31 Ϯ 0.47 (P Ͻ 0.001), and only 11 patients had plasma Gb3 scores that remained above the ULN, and none had levels Ͼ2 times the ULN. Fig. 2 . The effect of agalsidase alfa on MSSI in women with Fabry disease. *P Ͻ 0.05, **P Ͻ 0.01, ***P Ͻ 0.001 compared with baseline value. N ϭ 36. The horizontal lines indicate the boundaries for MSSI scores associated with mild, moderate, and severe involvement. 31 
Urine Gb3
The average baseline urine Gb3 score was 1.67 Ϯ 0.72 with 20 (56%) patients exhibiting levels higher than the ULN with 3 (8%) of them Ͼ2 times the ULN. After 1 year of agalsidase alfa treatment, the average urine Gb3 score was significantly decreased to 1.29 Ϯ 0.52 (P Ͻ 0.001), and only 10 patients remained above the ULN. Urine Gb3 scores continued to drop throughout the study, and, after 4 years, only one patient remained with a score above the ULN.
Safety
Agalsidase alfa was well tolerated during this study. One woman experienced an infusion reaction characterized by chills and fever. No antiagalsidase alfa antibodies were detected at any time during this treatment period. Five women experienced a stroke during the study. One additional woman experienced a stroke within 1 year of discontinuing treatment. Three of these women had a history of stroke before initiating agalsidase alfa.
DISCUSSION
This study represents the largest and longest examination of the effects of ERT in women with Fabry disease. The cross-sectional analyses of the baseline data ( Fig. 1) suggest that much of the organ involvement is progressive in women, just as it is in men. The total burden of the disease, as measured by the MSSI, increased with age, as did the LVM. Renal function assessed by eGFR showed a progressive deterioration with age. In contrast, the severity of neuropathic pain did not change with advancing age. Overall, the results revealed clinical benefit during ERT with agalsidase alfa in women with Fabry disease, as shown by the decrease in MSSI score, the stability in kidney function, the reduc- tion in LVM in patients with baseline LVH, and the improvement in NYHA heart failure classification. The MSSI is an instrument that assigns a numeric value to signs and symptoms of Fabry disease in four organ systems: renal, cardiovascular, neurologic, and general. The mean MSSI score at baseline (26.2) is indicative of moderate severity of the signs and symptoms of Fabry disease. 31 Treatment with agalsidase alfa resulted in a continuous improvement in the MSSI score (Fig. 2) , a response primarily because of an improvement in the neurologic and cardiovascular subscales (Fig. 3) . Similar improvements in MSSI have been previously reported for both men and women treated with agalsidase alfa. 31 Kidney dysfunction in female heterozygotes is thought to be less severe than in male hemizygotes, and it seems that fewer women than men progress to ESRD. In several cross-sectional studies, the percentage of women with ESRD is reported to be about one third that of men. 21, 25 The difference is even greater in the Fabry Outcome Survey, where ESRD was reported in 17% of men and only 1% of women with Fabry disease. 27 Similar findings have emerged from the Fabry Registry, where ESRD was reported in 13-17% of men and only 2.2-4.4% of women. 15, 49 A recent single-center study of 44 women found ESRD in 12.5%. 18 No well-controlled longitudinal studies of the rate of loss of GFR in untreated female patients with Fabry disease have been reported, but the cross-sectional data in Figure 1 and from the Fabry Registry 49 clearly show a loss of GFR with advancing age. Other evidence of kidney dysfunction is commonly found in female patients with Fabry disease. For example, in studies in which renal biopsies have been taken, almost all women have histological evidence of kidney involvement. 50, 51 Proteinuria, another indicator of kidney dysfunction, has been reported in 41% of women enrolled in Fabry Outcome Survey, compared with 54% of men, 52 and has been reported in adolescent girls. 4, 23 In the present study, proteinuria (protein excretion Ͼ300 mg/24 hours) was present in 35% of the women at baseline.
Few studies have reported the effect of ERT on kidney function in women with Fabry disease. Baehner et al. 39 found that mean creatinine clearance remained constant through 41 weeks of treatment with agalsidase alfa. Fourteen women were included in a study reported by Schwarting et al., 53 and although they did not specifically report the effects in women, their individual data were reported. In that cohort of female patients with Fabry disease, eGFR declined by 7.1 Ϯ 2.3 mL/minute/ 1.73 m 2 in the year before initiating treatment with agalsidase alfa. During 1 year of agalsidase alfa treatment, the rate of decline was reduced to 1.1 Ϯ 1.3 mL/minute/1.73 m 2 (P ϭ 0.054, t test), a rate of loss similar to that reported for the general population over 30 years of age. 41 Hyperfiltration is reported in both adult men 37 and children 9 with Fabry disease and may be the initial sign of kidney dysfunction in affected patients. In these patients, a fall in eGFR toward the normal range may indicate an improvement in kidney function, although it cannot be distinguished from continued progression of kidney disease. In the present study, the four women who were considered to be "hyperfiltrators" at baseline all demonstrated a reduction in eGFR toward normal during the 4-year study.
The present study is the only long-term evaluation of ERT on kidney function in women with Fabry disease that has been reported to date. Agalsidase alfa seemed to stabilize or improve eGFR in this cohort over 4 years of treatment (Tables 2 and 3) and to reduce proteinuria in those patients with baseline protein excretion exceeding 300 mg/24 hours (Fig. 4) . As illustrated in Table 3 , 90% of patients who were not hyperfiltrators at baseline demonstrated stable or improved kidney function during the treatment period, an observation that can be interpreted as a positive response to treatment.
The improvement in eGFR and the reduction in proteinuria seen in subsets of women in this study have not been reported in other large studies of ERT that included primarily male patient populations. 37, 54, 55 In those studies, GFR in patients with Stage 1 or Stage 2 CKD remained stable during ERT, and no effect on proteinuria was found. Although it is attractive to hypothesize that the renal involvement in some women in this study had not reached the "point of no return," and therefore agalsidase alfa was able to reverse ongoing pathologic changes, no evidence exists to support that claim.
ACE inhibitors or ARBs are now considered to be standard therapy in patients with Fabry disease. 56 A preliminary study in which the dose of ACE inhibitors or ARBs was titrated to establish a reduction in proteinuria showed that ERT could stabilize kidney function in patients with Fabry disease despite baseline proteinuria. 56 The present study was started before the renoprotective effects of these drug classes was well established, and the study was not designed to evaluate the effect of these drugs on kidney function in a controlled setting. Therefore, no conclusions about their role Responder definitions: I, less than 20% decrease in GFR from baseline; II, no shift to more severe CKD stage. The categories are based on the classification of chronic kidney disease. 42 Women who had eGFR Ͼ135 mL/min/1.73 m 2 at baseline were defined as exhibiting hyperfiltration 46 and excluded from this analysis because large decreases in eGFR could be interpreted as either improvement in function or as continued progression of disease.
in affecting the progression of kidney disease in women with Fabry disease can be made from the present results. A larger clinical trial designed to assess the role of ACE inhibitors and ARBs in the preservation of kidney function during ERT of Fabry disease is ongoing.
Cardiovascular involvement is an important contributor to the morbidity and mortality associated with Fabry disease in both men and women. 26, 57 In the present study, LVM was significantly reduced in patients with baseline LVH after 1 year of agalsidase alfa, and remained reduced through 4 years of treatment (Table 4) . Importantly, LVM was normalized in 7 of 25 women who were characterized with LVH at baseline during the 4 years of agalsidase alfa treatment. In addition, agalsidase alfa resulted in clinical improvement of symptoms of heart failure ( Table 5) . At baseline, more than one third of the women were classified as having NYHA Class III heart failure. At this stage of heart failure, almost any activity results in fatigue or dyspnea. Although the progressive reduction in the percentage of patients in NYHA Class III, combined with the progressive increase in the percentage of patients with minimal symptoms (NYHA Class I), may be interpreted as evidence that agalsidase alfa improved cardiac function in women, it is important to realize that functional improvement may reflect noncardiovascular factors, including reduction in neuropathic pain and improvement in sweating.
Neurologic pain adversely affects quality of life in both men 33 and women 18 with Fabry disease. In the present study, the average BPI "pain at its worst" score of 4.6 Ϯ 2.9 at baseline is somewhat higher than reported for a cohort of 19 women enrolled in the Fabry Registry (mean score ϭ 3.7 Ϯ 3.5). 18 Agalsidase alfa has been reported to reduce neuropathic pain in men, 36 and, in the present study in women, the BPI "pain at its worst" score was significantly improved during 4 years of treatment. Importantly, nearly 50% of women who had baseline BPI "pain at its worst" scores of Ն5, had scores below this threshold after 4 years. This threshold value is important, because at levels of Ն5, the pain interferes at least moderately with most activities of daily living. 58 Despite this apparent benefit, it must be understood that the use of pain medications was not controlled during this study, and some of the benefit might reflect changes in their use by the study participants. In addition, it is impossible to eliminate the possibility of a placebo effect on pain during this study.
Study limitations
This study was an open-label, observational, clinical trial conducted in a single center. This site is a referral center, and therefore, the patient population may not be representative of the general female Fabry disease population. The absence of a concurrently followed untreated control group limits the strength of the conclusions regarding the effect of agalsidase alfa on organ-system involvement in women with Fabry disease. Finally, the changing use of ACE inhibitors or ARBs as well as the unknown changes in the use of statins and antiplatelet agents may have contributed to some of the benefits noted, particularly the apparent reductions in proteinuria and maintenance of stable GFR.
CONCLUSIONS
This study represents the largest and longest follow-up of ERT in women with Fabry disease. Female patients can experience all of the signs and symptoms of Fabry disease as do men and, as is true in men, the burden of the disease increases with age. ERT with agalsidase alfa significantly decreased the burden of disease as measured by MSSI, primarily by reducing the neurologic involvement (e.g., reduction in pain) and by improving cardiac structure and function. In addition, kidney function was improved in patients with moderately reduced baseline eGFR or proteinuria and stabilized in patients with mild or severe CKD. Based on these observations, women with any signs and symptoms of Fabry disease should be considered for ERT.
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